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1.0 INTRODUCTION 

This Sampling and Analysis Plan (SAP) has been prepared by CH2M-JONES, LLC. The 
plan is designed for Zone FI Site 22-Building 242; Underground Storage Tank (UST) 242 
located at the Charleston Naval Complex (CNC), Charleston, South Carolina. 

The South Carolina Department of Health and Environmental Control (SCDHEC) has 
designated this site as Identification NUinber: 10645. This SAP provides methods to 
further evaluate the applicability of intrinsic remediation and monitoring well 
abandonment as a corrective action for UST 242 in accordance with SCDHEC Corrective 
Action Guidance, June 1997. 

1.1 General Site Description 

The CNC is in the city of North Charleston, on the west bank of the Cooper River in 
Charleston County, South Carolina as shown in Figure 1. This installation consists of 
two major areas: an undeveloped dredge materials area on the east bank of the Cooper 
River on Daniel Island in Berkley County, and a developed area on the west bank of the 
Cooper River. The developed portion ofthe base is on the peninsula bounded on the 
west by the Ashley River and on the east by the Cooper River. 

The area surrounding CNC is "mature urban", having long been deveioped with 
commercial, industrial, and residential land use. Commercial areas are primarily west of 
CNC~ industrial areas are primarily to the north of the base along Shipyard Creek. A site 
vicinity map, which exhibits adjacent properties and structures, vicinity roads, current 
utilities, and vicinity surface drainage, is included as Figure 2. 

Building 242 is a garage constructed in 1989 and was last occupied in March 1996. UST 
242 was a 5,000 gallon waste oil tank on the east side of the building. The UST was 
installed in 1989 and was equipped with a leak detection monitor with an alarm in the 
garage supervisors office. The UST was an Owens-Coming double wall fiberglass tank 
(Tetra Tech NUS, Inc. [TTNUS] Rapid Assessment [RA], 2000). 

1.2 Objective 

This RA presents the groundwater monitoring plan to assess the down gradient plume 
migration and intri~nsic bioremediationlnatural attenuation of Detroleum hydrocarbons 

" .. -
contamination in order to validate the assumptions and calculations used in the in the RA 
completed by TTNUS 2000. Details for the abandonment of monitoring wells at this site 
are also included in this plan. 

1 1 
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2.0 RECEPTOR SURVEY 

A receptor survey of the site vicinity was conducted by TTNUS to identifY potential 
receptors for petroleum hydrocarbon contamination. Figure 2 depicts the public utilities 
located within 250 feet of the former UST 242 study area. Specific information 
concerning the depth of utilities below land surface (bls) is currently unavailable, 
however, utilities at this site generally are between 2 to 6 feet (ft) bls. The following 
utility receptors were ioeated: 

Sanitary sewer, water utility: A sanitary sewer line originates to the northeast ofBuiiding 
242. This line runs in a southeasterly direction toward 11th street, and then continues 
parallel to 11th street. A sewer line running parallel to Ramsey Street connects to this line 
at the streets intersection. This line runs underneath the west side of building 242. A 
sewer line also runs off this and connects to Building 1175, which is located to the east of 
Building 242. There are no water mains loeated within 250 feet of building 242. 

Electrical utility, gas utility: A subsurface electrical line runs approximately 50 feet to 
the east of Building 242 and continues along the north side of Building to terminate on 
Avenue A south. A gas utility line runs approximately 50 feet south of Building 242, and 
connects to a gas utility line associated with Building 1175. 

Storm drain utility: there are two storm drains located 80 feet east of Building 242. 

Compressed air utility: A compressed air utility line runs parallel to Avenue A south on 
the west side of Building 242, and enters the north end of the Building. 

According to the SLA report completed by TTNUS, a survey of groundwater users within 
a 7-mile radius ofCNC was conducted by the South Carolina Water Resources 
Commission to ascertain the extent of any shallow groundwater usage. Results of the 
water use investigation revealed that no drinking water wells, which utilize the shallow 
aquifer, are loeated within a 4- mile radius ofCNC. Irrigation wells are not identified 
within 1,000 feet of the site. Numerous monitoring wells are loeated within 1,000 feet of 
the site. 

There are no city, county or state-zoning ordinances, the property (CNC) is currently '~, 
owned by the federal government. Information concerning zoning ordinances was 
obtaine.d from the SOUTHOIV Remedial Project Manager located at 2155 Eagle Drive, 
North Charleston, South Carolina 29406 (TTNUS, 1999). 

\-"\ ,-
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2.1 Fate and Transport Modeling 

The Dominico was the Fate and Transport model used to determine groundwater SSTLs 
in the risk analysis. The impacted groundwater source area was modeled as 50 feet wide 
and 6.56 feet deep according to the RA report. 

2.2 Soil Leaching SSTL 

Soil leaching SSTLs were calculated for benzene and naphthalene concentrations 
leaching from subsurface soil to groundwater using SCDHEC Soil Leachability Model 
and Selected Minimum RBSLs. The soil leaching SSTLs calculated in the RA for 
benzene and naphthalene are provided in the table below: 

Chemical of Concern Concentration in CNC-B05/ Soil Leaching SSTL 
22SLB050304 (mglkg) 

Benzene 0.005 0.602 
Naphthalene 0.572 126.72 
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3.0 PROPOSED REMEDIATION TECHNOLOGY 

Based on the results of the RA modeling, an Intrinsic Remediation with a monitoring 
period of 12 months will be performed for the site. The monitoring program will consist 
of sampling initially a total offive surrounding wells adjacent to the source point, and 
only sampling selected wells thereafter. The proposed monitoring program is described 
in detail in Sections 4.0 and 5.0 of this pian. 

3-1 



4.0 MONITORING WELL INSTALLATION AND ABANDONMENT 

4.1 Monitoring Well Installation 

Because of the large amount of monitoring wells located in and around this site, no 
monitoring wells will be installed as part of this plan. 

4.2 Monitoring Well Abandonment 

Seven monitoring wells will be abandoned at Building 242 following the South Carolina 
Well Standards and Regulations R. 61-71. The well abandonment will include grouting 
wells, removing stick-ups and removing all guard posts. _ nl~(C lV"7"-' I ~. '10 "Fe: 

4.3 Surveying 

Because no monitoring wells will be installed at this site, a new survey will not be 
conducted. 

4.4 Equipment Decontamination 

All driHing equipment, augers, well casing and screens, and soil and groundwatei 
sampling equipment involved in field sampling activities will be decontaminated 
according to the Environmental Protection Agencies (EPA) (t Environmental 
Investigations Standard Operating Procedures and Quality Assurance Manual 
(EISOPQAM). 

4-1 



5.0 PROPOSED GROUNDWATER MONITORING PROGRAM 

5.1 Monitoring Frequency and Reporting 

The groundwater monitoring program proposed at building 242 will be performed in 
accordance with SCDHEC Corrective Action Guidance, June 1997, and consist of the 
following: 

TA RT ,F..t .-. .. _--- . 
Sampling date Monitoring Wells Field Measures 

Sampled 
CNC22-

Second half 12000 MW-OI, MW-02, MW-03, T", pH, DO, Conductivity, 
MW-04, MW-05, MW-06, Depth to water, Total depth, 

MW-07 Turbidity 

First haIf2001 CNC22- T" , pH, DO, Conductivity, 
MW-03, MW-04, Depth to water, Total depth, 

MW-06 Turbidity 

L Second half is defined by the second half of the year (July through December). 
2. First half is defined by the first half of the year (January through June). 

Laboratory 
Analytical 
MIBE8260 

Naphthalene 8260 
BTEX8260 

Sulfate, nitrate, total 
dissolved iron, 

alkalinity, methane 
MIBE8260 

Naphthalene 8260 
BTEX8260 

Sulfate, nitrate, total 
dissolved iron, 

alkalinity, methane 

• Frequency: Initially all monitoring wells at this site will be sampled. Thereafter, 
groundwater samples will be collected from wells MW-03 as a source well, MW-
06 as the up gradient well and MW -04 as the down gradient well. 

• Reporting: Semi-annual groundwater monitoring reports will be submitted to 
SCDHEC. 

Included in the semi-annual reports will be field and analytical information from the 
certified laboratory indicating well numbers, analytical methods used, date sampled, 
date analyzed, and method detection limits. 

At the end ofthe i2-month period, (or as necessary) a performance evaluation will be 
submitted to SCDHEC providing the effectiveness of the intrinsic 
biodegradation/natural attenuation occurring and any recommendations for the site. 

• Groundwater Sampling 

Prior to any groundwater sampling, each well will be measured for water levels and total 
depth and each well will be purged in accordance the EPA EISOPQAM. 
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5.2 Analytical Parameters 

The following constituents will be analyzed for each groundwater sample: 

• Naphthalene using method 8260. 
• BTEX using method 8260 
• MTBE using method 8260 

The following parameters will be analyzed in order to evaluate the effectiveness of 
intrulSic remediation: 

• Nitrate (NO·3) 
• Sulfate (SO-4) 
• Total dissolved iron 
• Methane (CIL) 
• Alkalinity 

5.3 Field Measurements 

The following parameters will be sampled in the field: 

• Temperature 
e pH 
• Dissolved Oxygen 
• Depth to water table 
• Depth of well 
• Turbidity 
• Specific Conductance 

Field measurements will be recorded in the field book and in field forms. 

5.4 Groundwater Level Measurements 

Groundwater measurements will be taken from all monitoring wells at the site during 
each sampling event. All water ievei measurements will be taken on the same day as 
anticipated sampling. 

Measurements will be taken with an electrical water level meter or interface probe if 
floating product is present using the highest part of the top of the casing as a reference 
point for determining depths to water and total depths. Water level measurements will be 
recorded to the nearest O.Ol-foot in the field book. 
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5.5 Sample Handling 

Sample Handling will be conducted with the following references: 

EP A EISOPQAM (EPA May, 1996) 
Charleston Naval Shipyard Sampling and Analysis Plan, June 1999 

5.6 Sample Packing and Shipping 

The following forms will be completed to complete the packing/shipping process: 

• Sample labels 
• Chain-of-custody labels 
• Appropriate labels applied to shipping coolers 
• Chain-of-custody forms 
• Federal express air bills 

5.7 Quality Check 

Quality Control (QC) samples will be collected during sampling events. QC samples 
may include field blanks, field duplicates, and trip blanks. Definitions of each can be 
found below as described by the EISOPQAM: 

• Field Blank: a sample collected using organic-free water, which has been 
run over/through sample collection equipment. These samples are used to 
determine if contaminants have been introduced by contact of the sample 
medium with sampling equipment. Equipment field blanks are often 
associated with collecting rinse blanks of equipment that has been field 
cleaned. 

• Field Duplicates: Two or more samples collected from a common 
source. The purpose of a duplicate sample is to estimate the variability of 
a given characteristic or contamination associated with a population. 

• Trip Blank: A sample, which is prepared prior to the sampling event in 
the actual container and is stored with the investigative samples 
throughout the sampling event. They are often packaged for shipment 
with the other samples and submitted for analysis. At no time after their 
preparation are trip blanks to be opened before they reach the laboratory. 
Trip blanks are used to determine if samples were contaminated during 
storage and/or transportation back to the laboratory (a measure of sample 
handling variability resulting in positive bias in contaminant 
concentration). If samples are to be shipped, trip blanks are to be provided 
with each shipment but not for each cooler. 
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5.8 Field QAlQC 

More information on field QC can be found in section 5.6 

5.9 Control Limits 

TABLE 5 
I Annl'l1C1iCl ........ _.J ........ I C'nntrnl P!l~l11ptpr I C'nntrnl T il11it ---- ... -- .... -- -------- ___ ... __ AJ ____ ... I C'nrrpr-tivp Ar-tinn -.;------_. -' --------

Air Monitoring Check Cahbration of Cahbrateto Recahbrate. If unable to 
OVA daily manufactures calibrate, replace. 

specifications 
pH of water Continuing calibration pH=7.0 Reca1ibrate. If unable to 

check of pH 7.0 buffer calibrate, replace 
electrode. 

Specific Conductance of Continuing calibration > 1% of standard Recalibrate. 
water check of standard 

solution 

5.10 Record keeping 

In addition to records kept in logbooks, forms will be kept on log sheets for soil and 
groundwater. See Appendix B. 

5.11 Site Management and Base Support 

Throughout the investigation activities, work on the CNC will be coordinated through 
SOUTHDIVand SCDHEC. 

The primary contacts for each are as follows: 

1. SOUTHDIV point of contact 
Gabe Magwood 
Southern Division Engineering Command 
2155 Eagle Drive 
North Charleston, SC 29406 
(843) 820-7307 

2. SOUTHDIV point of contact 
Tony Hunt 
Southern Division Engineering Command 
2155 Eagle Drive 
North Charleston, SC 29406 
(843) 820-J3W 

tjE7!...CJ 
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3. SCDHEC point of contact 
Paul Bristol 
South Carolina Department of Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 
(843) 898-3559 
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22 L.-:habIityF.xIa OATA ENTRY 

IN-SITU SOIL RISK EVALUATION 

-. 
SOUTH CAROLINA 

'J. _ ..... 
Department of Health and Environmental Control (DHEC) 

Site Data 

SITE 10# COUNTY Columbia 

I FACiliTY NAME Site 22, Building 242 

STREET ADDRESS Charleston Naval Complex, North Charleston, SC 

Soil Risk Evaluation Data 

TPH 381 mg/kg 

Soil % SAND (Estimated) 64% 
Soil % CLAY (Estimated) 25 % 
Worst Case Benzene 0.005 mglkg 

Soil Analyses Toluene mglkg 
Ethylbenzene mglkg 

Xylenes mg/kg 
Naphthalene 0.572 mglkg 

MTSE mg/kg 
l. .' Natural Organic Carbon Content 

Average Annual Recharge 
Distance from highest Soil 
Impact to water table 

4470 mglkg 
25 cm 

60.960 cm 

Bulk Density of Soil 
Wetting Front Suction 
Soil Hydraulic Conductivity 
Porosity 

Residual Water Content 

1.64 g/cc 
15 cm 

1.13E-04 cm/sec 
0.45 decimal % 
0.09 decimal % 

List possible human exposure pathways from surface soil. 

11/11199 12'04 PM 
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Soil leaching to groundwater - off-site ingestion or irrigational use of shaiiow groundwater. 
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22 LeachabilityF.xls Benzene Calc 

SOIL LEACHABILITY MODEL FOR BENZENE 
RISK-BASED CORRECTIVE ACTION FOR PETROLEUM RELEASES 

SITE INFORMATION: 

INPUT: 

(1) SCOHEC. RBCA For Petroleum Releases. June 1995. App.ncix B. Rgwe 1. 

!2) SCDHEC. RICA For Petml..." Rele •• es. June 1995. Appendix B. T.ble 2. 

(3) SCDHEC. RBCA For Petroleum Rele.ses. June 1995. AppendIx B. Input Parameter •• 

(4) SCOHEC. RBCA For Petroleum R ..... es. June 1995. Appendix B. T.ble 1. 

(5) SCOHEC. RBCA For Petrolaum RaI •• ses. JU1ll!l1995. Appendix B. Figur. 2. 

(6) SCDHEC. RBCA For Petroleum R ........ June 1996. Appendix B. Figure 3, 
(7) SCOHEC. RBCA For P.troleum R ........ June 1995. Appendix B. Figur.-4. 

(8) SCDHEC. RBCA For Petroleum Rei ...... June 1995. App.ndix B. Figur. 5. 

COC Chemical of Concern 
Bd Soil Bulk Denaity (1) g/crn3 

Crabl RIak B .. ed Scr .. ,.ng Level mglLl 
CI Concentration of COC In loll mg/kg 

OAF Dilution/Attenu.tion Factor (2) unitleasl 
fcc Or;=ric Ca.-bcn Centent In Sol! (3) ma..Jkg 
H' HalVY's Law Constant (4) unitle .. 1 
tlf Wetting frcnt suct!on heed (alway. negative) (5! em 

Hw AveraIII' Annual Recharge (3) cm 
Kf Soil Hydraulic Conductivity (6) emls 

Koc SoUlWlIt.r Partionlna Coefl\dent (2) mllaj 
L D.pth betw •• n soil sample with cm 

arellt.st COC conc.ntratlon to groundwater. 

«II Poro8Ity (7) unitlns 
t1/2 Biodegl'lldation "half If." (2) day.j 
TPH Total Petroleum HVdrocarbons. EPA Method 3550 mg/kg 

Wr Residual Water Content (8) volume fI'IIctIon 

11/11199 12:04 PM 

BENZENE 
1.64 

0.16 

0.005 

8 

4470 --0.23 
, 

-16 
25.00 

1.13E..Q4 

81 

61 

0.45 

16 

381 

0.09 
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~ALCULA nONS: 
"<...-.>-Equatlon Sat I - Determine soli pore water concentration relSUl1lng from physical partloning ICw). 

Step 1 - Calculate the total organic carbon content (fcs) of the aoil. 

fea ,., (foc +TPH/1.724)·1E-6 - _.-.;O;,;..O;;.,;04;..;,;.' __ dec:imai % 

Step 2 - Calculate the concentration of cac in SOIl pore water (Cw) directly in 
contact with the contaminate aoil. 

Equation Set II - Determine the velocity of the soil pore water IVw) 

Step 1 - Calculate the air filled porosity If) In decimal percent. 

f = " -Wr - 0.36 decimal % 

Step 2 - Datennine the time for water to percolate through the vadose zona soil 
(from depth of worst case soil semple to the water teble at alte). 

-----

t ,., (f/KfI*(L-IIHw-Hfl*UnlIHw + L-HfI/(Hw-HflllJ) = __ 7;..6;':';,ZZ;,5;..._aeconds 

Step 3 - Determine the velocity of the water (Vw) in feet par year. 

Vw = ILl30.48cmlft)l(t131.S00.000sec/year) = ___ 82_6 ___ ftlyear 

Equation Slit III - Determine the organic retardation effect IVcl of the contaminant. 

Step 1 - Calculate the aoll/water distribution coefficient IKd) Iml/g) for uncontaminated soil. 

Kd .. Koc+foc·1E-6 - _..;;O.;.;.36;..;;.;;2;.;O.;.' __ ml/g 

Step 2 - Calculate the retardation effect of natural aoil organic matter on cac migration. 

Vc .. Vw/(1 +((Bd+Kdlla)) .. __ .... 3_S6 .... __ ftly.ar 

Equation Set IV - Oatennine biodegradation rates and provide final cac concentration ICt} at depth of concem. 

Tc - 366 day/yr+!(Ll30.48c:m1ft!lVc! - __ ....;2..;,;,0;;,6;;.. __ daya 

Step 2· Calculate e&timated concantration of cac in the BOil pore water (Cpl neeeaaary to protBct groundwater. 

Cp = 10"(1011 (Crabll+ l(Tc/2.31*,O.6931t1/2)J1 - 0.1839 

COC concet/tration In .oiI ~ w.ter (Cwl 16 leu th." conc#H7tnltion nec ••• ry to protect groundw.ter (Cp). Not necll#wy to CIIlcuMt. 
ssn 



22 LeachabilityF.xls Benzene Calc 11111/99 12:04 PM 

E~atlon Sat V - Calculate the Site Specific Target Level (SSTL) for thll COC In soB. 
'J ,_ 

Cut! for BENZENE == Cp"DAF*(((Bd"Koc"fcs) +Wr+(F"'H"'))/(Wr"1g/cc+ Bel)) == 0.602236 mg/kg 

in soil 

PREPARED BY: _________ _ 

Date 

CHECKED BY: _________ _ 

Date 

,~, 

.- '. 



IN-SITU SOIL RISK EVALUATION 
I, 

SOUTH CAROLINA 
Department of Health and Environmental Control (DHEC) 

Site Data 

SITE 10# 0 
FACILITY NAME Site 22, Building 242 

Instructions 

Provide results, separately, for each constituent in the weiSt case soil analysis. 

Data 
List Constituent: BENZENE 

(BTEX, Napth.) -

Bioremediation "half-life" 16 days t 1/2 

Soiliwater partitioning coefficient 81 mVg Koc 
~e:iUI~ 

• I, Tota! Organic Carbon Content 0.0045 decimal % fes 
leachate Concentration 

~ v Air Fiiied Porosity 
Infiltration Rate Time 
Velocity of Water 
SoiVWater Distribution Coefficient 
Contaminant Percolation Rate 
Time to Reach Groundwater 
Concentration reaching Groundwater 
Site Specific Target Level 

0.011 mgll C w -------
0.36 decimal % f -------

76,225 seconds ---------_____ --.,;8;,.;;2;.;....6 ft/year 
0.3621 mllg 

_____ --.,;3;...,;;5...:..6 ftlyear 

2.05 days 
0.1639 mgn 

______ 00_6_0 mg/kg 

t 
Vw 
Kd 
Vc 
Tc 
Cp 
C sst! 

"" 1/11; 12:()ol PM 

Equation Step 
Set 
I 
I 

II 
II 
1\ 
III 
III 
IV 
IV 
V 

NO 

1 
-L 

1 
2 
3 
1 
2 
1 
2 

Table 

1 

1 

Does concentration of chemical of concern in soil exceed SSTL? 

Risk of Human Exposure due to contaminated soil. 
YES -------- _X _________ NO I 

Page 2 of 6 Pages 

IN-SITU SOIL RISK EVALUATION 

''''-' 



22 LeachabilityF.xls Naphth. Calc. 11111/99 12:04 PM 

SOIL LEACHABILITY MODEL FOR NAPHTHALENE 
R1SK~ASED CORRECTIVE ACTION FOR PETROLEUM RELEASES 

SITE INFORMATION: 

REFERENCES: 

INPUT: 

111 SCDHEC. RBCA For Petroleum Releases. June 1995, Appenrix B. figure 1. 

121 SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Table 2. 

131 SCDHEC. RBCA For Petroleum Releases. June 1995, Appendix B. Input Parameter •• 

141 SCOHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Table 1. 

161 SCDHEC. RBCA For Petroleum Rei ...... June 1995. Appendix B. Figu" 2. 

161 SCDHEC. RBCA For Petroleum Rele ... s. June 1995. Appendix B. Figure 3. 

171 SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 4. 

181 SCDHEC. RBCA For Petroleum Releases, June 1995. Appendix B. Figure 6. 

COC Chemical of Concern 

Bd Soli Bulk Density (1) 

CrsbJ Risk aesed Screening Level 

C. Concentration of COC in soil 

OAF Dllutlon/AttenU8tion Factor (2) 

foe Organic Carbon Content in 5011 (3) 

H' Henry'. Law Constant (41 

Hf Wetting front suction had (alway. negativel (51 

Hw Average Annual Recharge (3) 

Kf 5011 Hydraulic Conductivity (6) 

Koc SoillWater Part/OIling Coefficient 121 

L Depth between .011 .ample with 

greetest COC concentration to groundweter. 

I!J Porosity (71 

t112 Biodegradation "half life· (2) 

TPH Total Petroleum HVdrocarbons. EPA Method 3660 

g/cm3 

mg/ll 
mglkg 

unldeMI 
mg/kg 

unitteasl 

crn 

em 

emls 

mlllIl 
cm 

unitle •• 

day·1 

mg/kg 
Wr Residual Wetii' Content 18) volume fraction 

NAPHTHALENE 

1.64 

1.63 

0.572 

8 

4470 

0.23 

-15 

25 
0.0001 

1643 

61 

0.46 

48 

381 

0.09 

~-
' '. 
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22 LeachabilityF.xls Naphth. Calc. 11/11/99 12:04 PM 

CALCULATIONS: 

Equlltian Set I - Determine loll pore water concentration re.ultlng from physical pwtionlng ICw). 

Step 1 - Calculate tha total orllanic carbon content (fel) of the soli. 

tCI = (foc +TPtil1.724)"1E-8 = 0.0047 decimal % 

Step 2 - Caicuiata the cu;'iC ... ,tl·;;t:on of COC !n soil p!:!!'B weter ICw) directly in 

contact with the contaminete soil. 

-----

Cw .. Cs"(lWr "1 glec + Bd)I((Bd" Koc "fcI) +Wr+((e-Wr)·H'))) .. 0,01 mgll -----

Equlltion Set II • Determine the velocity of the soil pore water (Vw) 

Step 1 - Calculate the air filled porosity (fl in decimal pwcant. 

t = ,,- Wr .. 0.36 decimal % 

Step 2 - Datermine the time for weter to percolate through the vadose zone soil 

(from depth of woret case soillample to the water table at lite). 

------

t = (flKf)"(L-(Hw-HfIl·Un(Hw+((L·Hf)I(Hw-Hf)))) = 76,225 seconds ------
Step 3 • Determine the yelocity of the water (Vw) in feet pw year. 

Vw = (Ll30.48cm1ft)lItl31.600.000secJyear) .. 826 ftlyear ------
Equlltion Set IU - Det8rmlne the organic retardation effect (Ve) of the contaminant, 

Step 1 - Calculate the .all/water distribution coefficient (Kd) (mllg) far uncontaminated soil. 

Kd - Koc·foc·1E-8 • 6.89721 mllg -----
Step 2 - Calculate the retardation effect of naturlII soli organic matter on COC migration. 

Vc = Vw"(1 + ((Bd"Kdl/llill = 32 ftlyear ------



22 LeachabilityF.xls Naphth. Calc. 11/11/99 12:04 PM 

Equlltion Set IV - Detennine biodegradlll1ion retes and provide final cac concentration (Cfl at depth of concem. 

Step 1 - Calculate the time (Tel In days required for the cac to reach groundwater. 

Tc = 365 day/yr·((L/30.4ScmlftlNcl = __ 23_.0.S __ daYI 

Step 2 - Calculete estimated concentration of cae in the BOil POf6 water lep) necssssry to protect groundwater. 

Cp = 10"'"009 (Crsbi;+((TcI2.3)-(O.593/t1/2)}) := 2.28 mgn -----
cae concentration In .oiI p0r'8 Wilt", (Cp) ;. gnlllUN thlln Ctsbl, th_for. the SST! must be ce/cuillted. 

Equation Set V - Calculate the Site Specific Target Level (SSTLI for the cac in soil. 

CAti for APHTHALENE 

in soD 

PREPARED By:, _________ _ 

CHECKED BY: _________ _ 

Cata 

Date 

126.718125 mglkg 



22 l.uchabIityF.xiI Naphth. Summ. 111111119 12:04 PM 

IN-SITU SOIL RISK EVALUATION .. 

. 
SOUTH CAROLINA 

r-
Department of Health and Environmental Control (DHEC) 

Site Data 

~IT~ln..,. 0 \:) I I I:. ILl ff' I FACILITY NAME _S_ite_22...,:.,_B_u_ild_in-"'g ..... 2_4_2 __________________ --' 

Instructions 
Provid results, separately, for each constituent in the worst case soil analysis. 

Data -

List Constituent: NAPHTHALENE 

(BTEX, Napth.) Table 
Bioremediation "half-life" 48 days t 1/2 1 
Soillwater partitioning coefficient 1543 mllg Koc 1 

Results 
Equation Step 

-' ~ t .... e. 
Total Organic Carbon Content 0.0045 decimal % fcs I 1 
Leachate Concentration 0.007 mgll Cw I 2 
Air Filled Porosity 0.36 decimal % f 11 1 
Infiltration Rate Time 76,225 seconds t II 2 
Velocity of Water 826 ft/year Vw 11 3 
SoiliWater Distribution Coefficient 6.90 mllg Kd III 1 
Contaminant Percolation Rate 32 ft/year Vc III 2 
Time to Reach Groundwater 23 days Tc IV 1 
Concentration reaching Groundwater 2.28 mgll Cp IV 2 
Site Specific Target Level 126.72 mg/kg C sstl V 

-

Conclusions 

Does concentration of chemical of concern in soil exceed SSTL? NO 

Risk of Human Exposure due to contaminated soil. 

YES X NO . 
,.... .. Page 6 of 6 Pages 

IN-SITU SOIL RISK EVALUATION 
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SITE 22 

ZON! P. C:HARLE5TON NAVAL COMPLEX 
NORTH ClIAlllESTON. SOUTH CAROLINA 

SCOHEe UST ID No. 10846 

DOMEMCO'S DLUTION/ATTBlUA11ON EQUATION FOIl GROUNDWATER TRANSPORT 

( ..... 

Site-Specific Target Level C.lcu~ltIon. Iror Groundweter: Potential Future Migration tel the CD;:.o:;:cp!;..;:.':....;.;R;;.Iv;.;8;.;.' ______________ . 

-.~ 
POI!-_of~ 

H1\. - .......... T-.c LntI un.- • ~ cw= ... _In_,_ AI _ __...01 ..... at POI 

asn- - My*- c ... _ ot ~ __ ...... pnoIoctIq 01 NISI.o .. POI! ....... ____ .. _ ...... c:-_ 
X- ••• DIa-._ PM .. ~"''''1oIoag '_I 
., ............. , «d· ............. z. _~I,..,......., .. __ IoIV __ 1 

... --~c-.....,. 1-_-
8 • ...-" .. __ Z_ 

,.,..... ........... wtthaut IIo!Da!c=I 0.= -, 

-

Conedt_ X- X- V Z 

ft m m m 

710 .11 ..... IIEt 710 111.411 " . 
.... 

1.001+13 
1.00I! .. 13 

~t Xc.;.. ~-v--Z- -- - - -
ft m m m ..., 

IZOI.71,1 J::=I 
...... - - 11 

NTH 

It. 

mI.ec 

1.13£-01 

'.'31-01 

-

K. 
mI_ 

mIm 

IrIIm 

UnIb 

",,/I. 
mg/L 
mg/L .. 

on .. .. 
mI_ 

"""cm"r:JIWl 

8 
em"/em" 

8 
em1/em' 

Po 
glem" 

Po 
glan' 

DOMINC:O D'-IJT1ONIA~lI,* Io1OOEL WmtOUT .,;::IlUlIlICAL;;;;,:~~DKA;;;;;.;.;y _____________ _ 

,.~.O~.~~~~~ _____________________________________ , 

P. • Sol IIUIII DeftIIty 
foe • _. """"'" c:.toan In Ilol 

u ... Lonut"' ..... ~ - O.b 
a, - T ........... DI..,..1IiwIty - a.JSOO 

0, • Vlftlcell DIIp"""", _ 1 • 10'" 
..... o.gom. c. __ ~ 
....... W, ........ _c:_ 
V - ..... W,_V-, II,-C ___ _ 

VIII, • M_ T-' _ 01 Dfo .... od c-tIPoont - 1K,Il/i9Rc1 
JaISL • AIoI'· ... od -.... LhoIIn _ ,,_ by ICDH&C 11_1 

o. ay o. foe koc leo V 

m tt-C/II-ool em" "",O/\l"C em".H,O/g·. mI •• a 

4.471.03 13 0.37'0' I 1.711e·0I 
4.471-03 11 •• 0.01'_ 1.711·01 

a. Oy o. foe koc leo V 

m m m 8-C/\I"10II am" "".a/g-C _"·H,O/II·I mI •• 1C 

-§jj 0.37101 '.781,'" 
0.01140&, •. 181-!l_ 

ean.tt_ POE RltSL ssn_ SSTl.c_ 

mail DIlL -.!!!IIiL 

.... - 0.006 0.164 0.6112 
C x 1 

C
s 

= _eJ
" 

OURCE 2 /1\. [
LK - ~c 
2Ja x ~c 

X ert X ert -'====--
[ Y 1 ['2: 1 4 .Ja y X 2.Jet z X 

".~-- 0.D40 &.231 4.7l17 

Rc 

20312 
1.111 

Rc 

r 

Unitt 

t1-' 
8~ 

m 
m 

m 
...·-M.O/sr-C 
... ·.11,01 .... 

mI_ 

mI_ 

1118/1. 

CrwIC_ 

7_.03 
7._1.03 

CoooIC-

1._.03 
1.4441.03 



SITE :l2 
ZONE F. CHARLESTONI NAVAL COMPLEX 
NORTH CHARLE'STON. soum CAROUNA 

Preclcled Mlg".1lon 10 

DOMENICO'S DILUTlON/ATTENUATION EOUATION fOR ClIROUNOV:,:fA::,TE!,!!;R:..:TM:.:=:.:N::I:::PO.::,::RT::.. __________ _ 

Predicted 10-year Migration of ConstltUients II' Groundwater 

....... ". DetCII~: 

POE - ...... 01 e.,. ... 
lin. - 1It ..... 0III0 T.oat lII .... 
,an- - Hv*-'*' Conc-.tlGn In __ S ...... " ... ~':11 ... of UlLa at POE 
San- -~ C--....... at CompII ..... PaInI ............. 0' RISU 01 POE 
x.... •• - DIaMMo "-,....". ...... I. POI ...... Cent......, 
x_ - •• DhIC_ frOIIIl'OIIlO Campllonct r_ ...... eenr.ctn", 
V - ...... WId1h IP .............. to Flew Dlrtctlonl 
z- ...... o.pth"-...... ..,Aaw_InV ........... , 
.. - _ ... .....".... ConduethIIty 

~a 

onvJL 
moIL 
mgIL 
m 
m 
III 

m 

Par .... ot .. Ducrt,,,ttona: 

Po - Sol _ DI .... tY 

I .. - Fn_ 0,,0". Carbon In Sol 
.... - LongI"-. Dlap.nlvIty - x/l0 
... - T, __ ., DIoperal.41y - 0.13 

"I - Var1IC8I IIIIIpetaMtJ - 11",20 
k ... Orlenle C:a.boft '0I11don Coelll_ 
Ira - IoI-Wot .. looptioft eoallld_ 
V - Pwa Wot.' V_v 
Ae - c-t_1t R ..... don Factor 

I-~Gnlchnt 

• - hrI:IIIIy In S ...... Zana 

""em/em 
em'/em' 

VIAe - _Irnum T,anapart AM. 01 Dlalolvod ConatltUont - IIlJIII9IIcI 
__ _ 11.-....... S", .. nlng Lov" In WIIIW Provl .... by .COHEC (11181 

'Dliutim • Alt_. __ 1I1out .....,. ... D_x _::I 
Conatltu.nt X- X- V Z 

- 1(. 
I 8 lac kac .... t Ps ax Qy a. 

tt m m m 010 ml.ee m'm m'/om glem' m g-Clg ..... cm1-H,O/g-C cm'-H20/g-sol1 

k=1 I 13"111!+I~' aonzono 1.1 11 2 0.37101 

MTIE 2.7 I. Z :t.11E+I~ 0.051405 

lourco:---. C_ D __ of HOIIilI .... iiWfr ..... iiiiiI"COntnllliCbHECI l1H __ .... ca;;;;:r;w; Actloll "" ~ RaIN.-, Bur .... al ~aund Storago Tonk M.na~ .... 

DOMENICO Dl.IITIOfIIIATnNUATlON MODB. WITHOUT 1IIOLO~,_ ... _JleCA.;;.._y ___________ _ ConlUtuont c_. ex 
mgll mgll 

Benlene 0_0&8 0.00& 
MT8E 0.042 0.040 

- -----~ --~---~.-Cx _.!~ (x-i) xJ Y ]x J z ] 
C.IUla - 2 '1 fa: ~ "'J l4J ayx "'J l2ft¥ 

V ~ 

n"' •• c 

•• 78&-01 

e.!!!;!!!.. 

un .. 

Diem' 
,.e/g_ 

m 
III 

m 
cm'-H.Otg-C 

em' -HaOt ... oI 
ml .. e 

m/ •• a 
mglL 

c,.,.1c-. 

1.22I1E-02 

'.838E-01 

Prepared By: LlJi.Jk.,f _PY.Jd.&~' 

) ) ) 
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SITE 22 

ZONE F. CHAlflLESTON NAVAL COMPLEX 
NORTH CHARLESTOIN. SOUTH CAROLINA 

"'-dlele 

DOMENICO'S DILunoN/ATTENUATlON EQUATION F'OR GRot.;,JN'-OW;....;;;,;A.;.n_R_T_RA_NSPO~~R.;.T'--________ _ 

Predicted 20-year Migration of Constfltuantll in Groundwater 

-.Ion 20 

,-.. ~: Urito , ...... et" Doo""'II""o:, ______________________ , 

POE - PoInt of Ex_. PI • 101 .... Donohy 

un - "'o·lpecltlc forget Lovol 
SIn...- - H,*"-",, c:a.-.cmton In """'"' 1_ .. , At .. "",oatln of ___ 81 POIi 

nltlL 
mglL 

mt/L 

I ... Fr._ O<,onlo c ........ In Sol 

el. - lofIQhucInaI ot .... rlMty • dl0 
..... T,_YO ... DiIII .. ,.vllY • aJ3 nt~ • Hyd_ eonc_8I eam...-. r.oWoc pnotocodvo olllllSLo et POE 

!Co. - • - DIoUonao ....... "'- s ..... to POE r-.. 0 __ • 

Xc.. -. -~ ........ POI to ~ ~ , ... ngCent ....... 

Y • IourDe WIdIh ".,...... .... to ADw Dlro""" 
Z - -..c. DepdI,~t ...... DIr_1n 11.,1I00I'''-. 
It. - '.turetod HvII ..... CGncIuctlvtty 
I- GrcIcindwIINr~ 

e - I'otoIIty In 1_001 ZOM 
I 

'DI!u!Ian. AH_ w~ !IIo!osIGoi D ... r _=:I 
Conl1ltuent X- X_ Y Z t 

ft m m III lee 
I 

Benzene [ 11 [3.31214[ lB [ :I r '.31U08 [ 
MTBE [ I 11.524021 11 1 3 I UlhOl 1 

It. 

m/NC 

,.,.-os 
1.131-l1li 

I 
mlm 

J 

m 

m 

m 
m 

mI,.o 
em/em 

eml/ernJ 

e P. 
m'/omlg/em' 

... • V_oI IlIop ....... ty • "",20 

koc: • 0flIMI0 C ...... n ... rtltlon Coofflclont 

.. • 1.I·Wall, Iorpllon Coolllctclnt 
V - .... Wo1llf V.cIty 
Ro • CanstIIu_ RIt_dation F.ctDC' 

VfRo - MuIn ..... ' ... opcm Rat •• f DI_od Con.lUI ... - IlJ.fl811c. 
R.SL - ... • .... d Scroerinct L ..... In Wet .. "01lldod by 'COHEe ,,998, 

,-, 
u. <Xv 11. foe toe to 
m m m g·C/g·loll cm'-H.O/g-C cml-HaO/g·aoll 

[ 0.0027 [ 0.45 I 1.14 I 0.34 I i§'.02 0.37101 
1 0.0027 ( 0.41 (1.14( 0.1. ( 0.01 ".01 0.081406 

1 .. 0.: 1_ c:...~_.f HNIIh.not En_II e-11C6t&Ci lA8. m .. _ C-_AC_ IrK "'_~a, ....... 01 Undorll'aunot Si ...... Toiiio iiicliWi--. 

IIOMiNICO DlLumN/ATTBlUATlON ~Ofl WITHOUT 1IOL061CAL DECAY Comtltuent CIOUIICI Cx 

maIL maIL 

1 J (X- j ..1 y ] ~1 z ] Cx 
CSOORCE 

B.nz_ 0.0&6 0,0011 
MTBE 0.04~ • __ O~~.!. 

V 

mille 

11.781:-09 
1.781:-09 

] 

lie; 

2.312 
1.187 

( 

Utfts 

gI ..... ,-C/,_ .. .. .. 
• m· -H,O/g-C 

.m·-Hpl ...... 
milo. 

mIMe 

.... IL 

Cra;/c.ou..c. 

1.2211·02 
1.7esE·Ol 

= 2 eJf9 ~ ~ vt~ X "'J l4~ayx X '''J l2f.¥ 
1

Q

.flc ~ 
"""owedBy /LJ!2~ 
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TABLE 1 

GROUNDWATER ELEVATIONS 
SITE 22, BUILDING 242 

ZONE F, CHARLESTON NAVAL BASE COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

I T _ ..... n_od" I Top of Casing I Depth to Depth to 
Well # I'O~;;:;;;' I 

CNC22-M01 12.18 

CNC22-M02 14.35 

CNC22-M03 13.75 

CNC22-M04 14.05 

CNC22-M05 14.02 

CNC22-M06 14.21 

CNC22-M07D 2B.33 

Notes: 
MSL - Mean Sea Level 
LRS - Local Relative Survey 
BTOC - Below Top of Casing 

NM - Not Measured 
NO- Not Detected 
ft- Feet 
• Permanent Piezometer Well 

Bevation. ft 
(MSL) 

9.27 

9.41 

9.42 

9.39 

9.41 

9.34 

9.64 

I 
UGLeJ 

I Water, ft I Product. ft 
Measured (BTOC) (BTOC) 

9110199 5.64 NO 

9110199 5.94 NO 

9/10199 6.11 - NO 

9110.199 6.12 NO 

9110J99 5.92 NO 

9110.199 5.90 NO 

9110.199 5.80 NO 

.. "Corrected Depth to Water Measurements Based on Free Product Thickness 

c ............. I Groundwater I I Th~;es--; (ft) Elevation 
(MSL) 

NO 3.63 

NO 3.47 

NO 3.31 

NO 327 

NO 3.49 

NO 3.44 

NO 3.84 



I 

TABLE 2 

GROUNDWATER FIELD MEASUREMENTS 
SITE 22, BUILDING 242 

ZONE F, CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

! ! ! I I 
Specific I T .. 'idity I rnssoIved ! I Date Sampled I Purge I Volume I 0 I WeIlLD. method (gallons) Temp. ( C) pH Conductivity ~ Oxygen I 

(uMHOS/cm) ( ) (mgIL) 

CNC22-M01 9/10199 PP 

CNC22-M02 9110199 PP 

CNC22-M03 9110199 pp 

CNC22-M04 9110199 PP 

CNC22-M05 9110199 PP 

CNC22-M06 9110199 PP 

CNC22-M070 9110199 PP 

Notes: 
CO C) - Degrees Celsius 
PP - Peristaltic pump, low flow technique 
uMHOS/cm - Micro MHOS per centimer 
NTU - Nephelometric turbidity units 
mg/L - milligrams per liter 

5.25 30.4 

4.05 27.2 

3.75 29.1 

4.00 28.0 

6.50 27.5 
4.14 26.3 

4.00 25.9 

6.34 1.42 0 1.48 

6.04 2.260 0 0.65 

5.56 2.33 1 1.28 

4.47 3.250 0 1.05 

5.94- 6.4 0 1.85 

5.72 6.06 0 1.5 

8.45 1.25 >999 3.42 

.-.1 

" 

,r--,., 



L __ 

Welll.D. 

CNC22-M03 

CNC22·M04 

CNC22-M06 

Notes: 

~ 

Dat& 
;ampIE! :td 

, 
I 

I 

i 

1~/21191 

1~/21/91 

1~/21/1l1 

9 

9 

9 

mg/L· Milligramli per Iliter 
ug/L - Micrograms per liter 
NA - Not Analyzed 
E- Estimated Concentnatlon 

TJ'BlE3 

GROUNDWATER NATURAL A"reNUJ~TION FIELD MEASUREMENTS 
SITE 22, IBUILI:IING 242 

Dissolved 
Oxygen 
(mgIL) 

0.80 

0.30 

1.00 

ZONE F. CHARLESTON INAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Alkalinity 
Carbon 

Sulfide Ferrous Iron 
(mgll) 

Dioxide (mgll) (mgll) 
(mgll) 

79.2 384 0.02 3.30 

19.7 500 0.00 3.30 

116.0 588 0.010 3.30 

Nitrite Manganese 
(mgll) (mgll) 

0.117 0.1 

0.004 0.0 

0.021 14.4 

• Fixed base labclratof1( analysis 

c-

Nltrogenl 
Sulfate 

Nitrate 
(mg/l)· 

(mgll)· 

NA NA 

NA NA 

NA NA 



Sample Location 

CNC22-801 

CNC22-B02 

CNC22-B03 

CNC22-B04 

CNC22-B05 

I 
r- .... ,...,,'1 Dna V'-."""-UV1J 

CNC22-807 
CNC22-B08 

CNC22-809 

CNC22-810 

CNC22-611 

CNC22-B12 

I CNC22-Bi3 

. 

TABLE 4 

SUMMARY OF OVA SOIL SCREENING RESULTS 
SITE 22, BUILDING 242 

ZONE F, FORMER CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

PAGE20F2 

Sample 
Identification 

22SS80104 
225580108 
225580112 
225580204 
2255B0208 
225580212 
225580215 
225580304 
225580308 
225580312 
225580315 
2255B0404 
225580408 
225580504 
225580604 
225580608 
225580611" 
225580708 
225580804 
225580808 
225580812 
225580815 
225580904 
225580908 
225581003 
225581006 
225581009 
225581104 
22SS61108 
225561110 
2255B1203 
225581206 
2255B1301 
225581302 
.,.,~~tl1':l.1l't 
..... ""...., ..... vvv 

225581304 
225581305 
225581306 
225561307 
225581308 
225581309 
225581310 
225581311 
225581312 

Sample Depth 
(feet) 

0-4 
4-8 

8-12 
0-4 
4-8 
8-12 
12-15 

0-4 
4-8 
8-12 
12-15 
0-4 
4-8 
0-4 
0-4 
4-8 
8-11 
4-8 
0-4 
4-8 

8-12 
12-15 
0-4 
4-8 
3 
6 
9 
4 
8 
10 
3 
6 
'i 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Organic Vapor Headspace 
Concentration 

(ppm) 
3 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25 
160 
0 
0 
0 
0 
0 
0 
0 
0 

28 
150 
0 
0 

230 
0 
0 
0 
37 
77 

Nu Rc~rding 
No Recordil!Q 
No Re< .... _ording 
No Recording 
No Recording 
No Recording 
No Recording 
No Recording 
No Recordi~ 
No Recording 
No Recording 
No Recording 



· ."- I -'-

I 

Sample Location 

CNC22-814 

CNC22-815 

CNC22-816 

CNC22-817 

CNC22-818 
CNC22-819 

CNC22-820 

CNC22-B21 

CNC22-B22 

,... .. I,..~" D"'~ 
\l1'I""-CL.;I I 

Notes: 

TABLE 4-CONTINUED 

SUMMARY OF OVA SOIL SCREENING RESULTS 
SITE 22, BUILDING 242 

Zone F, Former Charleston Naval Complex 
North Charleston, South Carolina 

Sample I Sample Depth I 
Identification (feet) Organic Vapor Head_pace 

Concentration 

225581407 7 0 
225581409 9 14 -
225581506 6 110 
225581510 10 50 
225581601 1 No Recordi'!9 
225581602 2 No Recording 
225581603 3 No Recording 
225581604 4 No Recording 
225581605 5 No Recording 
225581606 6 No Recording 
225581607 7 No Recording 
225581608 8 No Recording 
2255B1609 9 No Recording 
225581610 10 No Recording 
225581611 11 No Recordlng 
225581612 12 No Recording 
225581707 7 260 
225581710 10 90 
225581807 7 220 
225581903 3 5 
225581907 7 13 
225581909 9 14 
225582003 3 20 
225582005 5 100 
225582007 7 20 
225582104 4 60 
225582106 6 20 
22SS82109 9 0 
22SS82202 2 20 
225582206 6 90 
22 "''''D .... n<: <: 70 uuu,.,;su~ I >I I 

OVA - organic vapor analyzer equipped with a flame ionization detector and charcoal filter where necessary 
NO- not detected 

I 



I Sample I Location 

CNC22-B01 
CNC22-B02 
CNC22-B03 
CNC22-B04 
CNC22-B05 
CNC22-B06 
CNC22-B07 
CNC22-B08 
CNC22-B09 
CNC22-B10 
CNC22-B11 
CNC22-B12 
CNC22-B13 
CNC22-B14 
CNC22-B15 
CNC22-B16 
CNC22-B17 
CNC?..2-B18 
CNC22-B19 
CNC22-B20 
CNC22-B21 
CNC22-B22 
CNC22-823 

NOTES: 

TABLES 

SUMMARY OF MOBILE LABORATORY SCREENING RESULTS FOR SOIL 
SITE 22, BUILDING 242 

Sample 
Identification 

22SFB011112 
22SFB021112 
22SFB031112 
22SFB04OO06 
22SFB050508 
22SFB060405 
22SFB071112 
22SFB080304 
22SFB090405 
22SFB 1 00506 
22SFB110708 
22SFB120607 
22SFB130607 
22SFB140708 
22SFB150607 
""C'~04an"7nD 
LLOrg 'UUI uu 

22SFB170708 
??SFB180708 
22SFB190910 
22SFB200506 
22SFB210506 
22SFB220506 
22SF8230506 

ZONE F, FORMER CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Laboratory Screening Datal" 
Sample 

Ber.zeii6 Toluene Ethylb=r.zene 
Total 

Depth Xylenes Naphthaiene 
(feet) (~/Kg) (j1QIKg) bLg/Kg) 

(~glKg) (~Kg) 

11-12* NO ND NO ND .. , .... ,,.,, 
11-12- NO NO NO NO NO 

11-12* NO NO NO NO NO 
Q-6 NO NO NO NO NO 
5-8 NO NO _ NO NO NO 
4-5 NO NO NO NO NO 

11·12· NO NO NO NO NO 
3-4 NO NO NO NO NO 
4-5 NO NO NO NO NO 
5-6 NO NO NO NO NO 
7-8 _ NO NO NO NO 51.8J 
6-7 NO NO NO NO NO 
6-7 NO .NO NO NO NO 
7-8 NO NO NO NO NO 
6-7 NO NO NO NO NO 
7_R ND .ND ND NO NO .-v 
7-8 NO NO NO NO NO 
7-8 NO NO NO NO NO 

9-10- NO NO NO NO NO 
5-6 NO NO NO NO NO 
5-6 NO NO NO NO NO 
5-6 NO NO NO NO NO 
5-6 NO NO NO NO NO 

.. .,-.....'. 

Di sel Range 
Organics 
(mgIKg) 

..,n .,.., 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
66 

NO 
NO 
NO 
NO 
NO 
NO ..... 
4r 
NI..>. 
NO 

1300 
NO 
NO 

(I) Laboratory screening data were analyzed using USEPA Method 8020f8015M. Compounds not detected are reported as less 
than the instrument detection limit 
J.1gIkg = micrograms per kilogram 
mg/1tg '" miBigrams per kilogram 
J = Estimated value detection was above the instrument minimum detection level. but below the practical quantification limit. 
E = Estimated value detection exceeded the upper ca8bratlon range of the instrument. 
- Soil samples collected above water table at time of boring installation. 



----.-. 

Sample 
Location 

_.1,......,.. ,.,,"' .. 
l..1'Il..~-DUI 

CNC22-B02 
CNC22-B03 
CNC22-B04 
CNC22-B05 
CNC22-B06 
CNC22-B07 
CNC22-B08 
CNC22-B09 
CNC22-B10 
CNC22-B11 
CNC22-B12 
CNC22-B13 
CNC22-B14 
CNC22-815 
CNC22-B16 
CNC22-B17 
CNC22-B18 

TABLE 6 

SUMMARY OF MOBILE LABORATORY SCREENING RESULTS FOR GROUNDWATER 
SITE 22, BUILDING 242 

ZONE F, FORMER CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Laboratory Screening Data!'1 
Sample Sample 

Benzene Toluene Ethylbenzene 
Total Di sel Range 

identification "--- Xylenes Naphthalene Organics wv ...... 

(feet) (J19IL) (1lQ1L) (Jl91L) (1l9/L) (1l91L) (mg/L) 
"''''~E:'C:n4 4n1«'1 L£uruuI IV • ..., 10-13 ND NO NO NO NO ND 
22GFB021315 13-15 NO NO NO NO NO NO 
22GFB031315 13-15 NO NO NO NO NO NO 
22GFB041315 13-15 NO NO NO NO NO NO 
22GFB050811 8-11 NO NO NO 14.0 NO NO 
22GFB060811 8-11 NO NO - NO NO NO NO 
22GFB071315 13-15 27.3 NO NO NO NO NO 
22GFB081315 13-15 NO NO NO NO NO NO 
22GFB090811 8-11 NO NO NO NO NO NO 
22GFB100512 5-12 NO NO NO NO NO NO 
22GFB110612 6-12 NO NO NO NO NO NO 
22GFB120612 6-12 NO NO NO NO NO NO 
22GFB130612 6-12 NO NO NO NO NO NO 
22GFB140812 8-12 NO NO NO NO NO NO 
22GFB150812 8-12 NO NO NO NO 25.9 NO 
22GFB160812 8-12 16.3 NO NO NO NO NO 
22GFB170712 7-12 NO NO Nu ND NO ND 
22GFB180812 8-12 20.4 NO NO NO NO NO 

-" CNC22-819 22GFB191012 1u-i2 NO NO loin NO NO ND '''u 
CNC22-B20 22GFB201012 10-12 NO NO NO NO NO NO 
CNC22-B21 22GFB210612 6-12 NO NO NO NO NO 4.98 
CNC22-B22 22GFB220612 6-12 NO NO NO NO NO NO 
CNC22-B23 22GFB230912 9-12 NO NO NO NO NO NO 

NOTES: 
(1) laboratory screening data were analyzed using USEPA Method 8020/8015M. Compounds not detected are reported as less 
than the instrument detection 6mit. 
I1gIL ,. micrograms per liter 
mgIL = milligrams per Oter 
J = Estimated value detection was above the instrument minimum detection level, but below the practical quantification limit. 
E .. Estimated value detection exceeded the upper calibration range of the instrument. 



TABU: 7 

SUMMARY OIF FIXI:D-BASE LABORATORY ANAL YTICAIL RE~IUL TS FOR CHEMICALS OF CONCER:N IN :SOIL 
SITE 22, BUIL.DINGi 242 

Soli Boring I 
Sample Date 

Sample No. 

RBSL \11 

CNC22-B021 
22SLB020708 8118199 

CNC22-B051 
22SLB050304 8118199 

CNC22-B071 
22SLB070910 8I18J99 

CNC22-B11 I 
22SLB110708 8118199 

CNC22-B11 I 
22SLB110708D 8118/99 

CNC22-B15 I 
22SLB150506 8118/99 

CNC22-B018 I 
22SLB180708 8118199 

CNC22-B21 I 
22SLB210506 8118199 

,-, 

B I ,amsn 
uglkg ( 

, 
5 -

<5 -
5(J) -
<6 -
<5 . 
<5 . 
<6 

<4 

<4 
,-, 

Toluene 
(uglkg) 

478 

I 2(J) 

t JI 

<6 

4(J) 

<5 

<6 

41J) 

3(.1) 

An concentrations ara in micrograms per kiloglram (uglkg). 

NA - Not analyzed 

ZONE F, CHARLESTO.I NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Ethyl- Xylenes 
benzene (Iotel) 
(uglkg) (u9J1<g) 

364 11119 

<5 <5 

37 75 

<6 <6 

<5 <5 

<5 <5 

<6 <6 

<4 <4 

<4 <4 

Be 
anti 

(~ 

nzo(e 
uace" 
Ilglkg) 

91 

, ,-, 
1 7687 

~ 400 

c: 360 

" 400 

.: 400 

.: 400 

., 430 

.: 400 . 

., 400 
-

Benzo(b) 
ftuoranthene 

(uglkg) 

7042 

<400 

< 360 

<400 

<400 

<400 

<430 

<400 

< 400 
---- ----

Benzo(k) 
Chrysene 

ftuoranthene 
(ug/kg) 

(ug/kg) 

55930 3146 

<400 <400 

< 360 < 360 

<400 <400 

<400 <400 

<400 <400 

<430 <430 

<400 <400 

<400 <400 

(11 South CaroUne Department of Hea~h and E:nvlronmental Control Risk Based Saeenlng Lewiis for clay-rich solis; depth to groundwater less than 5 feet. 
(2) Trip blank 
(J) Indicates the presence of an analytEI at a C4lncentration less than the reporting limit and grealter than Ihe detection limit. 

) ') 

Dibenzo(a,h) 
&Inthracene 

(ug/kg) 

21265 

<400 

< 360 

<400 

< 400 

< 400 

<430 

<400 

< 400 

Naphthalene 
(ug/kg) 

52 

<5 

572 

<6 

<5 I 
<5 I 
<6 

, 

I 
<4 

<4 

) 
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TABLE: 8 

SUMMARY OF FIXEI~-BAl)E LABORATORY ANALYTICAL RESULTS FOR CHEMICALS OF CONCERN IN GROUNDWATER 
SITE 22, BUILDING 242 

Monitoring Weill Sample 
Sample No, Date 

RBSL(I) 

CNC22M-011 
22GLM0101 10-Sep-99 

CNC22M-021 
22GLM0201 1O-Sep-99 

CNC22M-03 I 
22GLM0301 21-Sep-99 

CNC22M-031 

~2GLM0301 0") 14-Sep-99 

CNC22M-031 

22GLM03010(1
) 21-Sep-99 

CNC22M-041 
22GLM0401 21-Sep-99 

CNC22M-051 
22GLM0501 1O-Sep-99 

CNC22M-061 
22GLM0601 21-Sep-99 

CNC22M-07 , 
22GLM0701 1O-Sep-99 

All concentrations are In ugn.... 
NA • Not analyzed 

-
E~nzenlS 

Ethyl-
benzene 

(ug/L) 
(ugll) -5 700 -

<5 <5 -
29 <5 

56 <S -
NA NA -
56 <5 

31J1 <5 

<6 <5 -
7 <S -

<5 <5 -

ZONE F, CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOU1rH CAROLINA 

PAGE 110F 2 

Toluene 
Xylenes 

Naphthalene 
8enzo(a) Benzo(b) 

(total) anthracene fluoranthene 
(ug/L) 

(ugJL) 
(ugI/L) 

(ug/L) (ug/L) 

1000 10000 10 (2) 10 (2) 10 (2) 

<5 <5 <5 < 10 <10 

<5 <5 <5 < 10 <10 

<5 <5 <5 < 12 <12 

NA NA N:A < 10 < 10 -
4 (J) <S <5 < 11 < 11 

<5 <5 <5 < 11 < 11 

< 5. <5 <5 < 10 < 10 

<5 <5 <5 <11 < 11 

<5 <!5 <5 < 10 < 10 -
(I) South Carolina Department of Health and Environmental Control Risk Based Screening Levels f<Ir groundwater. 

(2) The Risk based screening level for IndMdual PAH CoC Is 10 ug/l or 25 ugIL for total PAtis. 

(3) Oupllcate sample 

Benzo(k) 
Chryliene 

Dlbenzo(a,h) 
fluoranthen anthracene 
e (ug/L) 

(ugll) 
(ug/L) 

10 (2) 10 (2) 10 (2) 

< 10 < 10 < 10 

< 10 < 10 < 10 

< 12 < 12 < 12 

< 10 < 10 < 10 

< 11 < 11 < 11 

I 

< 11 < 11 < 11 

< 10 <10 < 10 

< 11 < 11 < 11 

< 10 < 110 < 10 

( 

MTBE 
(ug/L) 

40 

<S 

6 

39 

NA 

42 

<5 

<5 

<5 

<5 



(JI Indicates presence of analyte at a concentration less than the reporting limit and greater thlln the (Ietectlon limit. 

TABLE,B 

SUMMARY OF FIXED·BASE LABORATORY ANALYTICAL RESUILTS FOR CHEMICALS OF CONCERN IN GFtOUNDWATER 
SITE 22, BUILI:lIING :!42 

Monitoring WelV Sample 
Sample No. Date 

RBSL(l) 

CNC22M-011 
22GLM0101 10-Sep-99 

CNC22M-021 
22GLM0201 1O-Sep-99 

CNC22M-031 
22GLM0301 21-5ep-99 

CNC22M-03 I 
22GLM03010 21-5ep-99 

CNC22M-041 
22GLM0401 21-5ep-99 

CNC22M-051 
22GLM0501 10-Sep-99 

CNC22M-Oe1 
22GLM0601 21-Sep-99 

CNC22M-07 I 
22GLM0701 10-Sep-99 
~-~ 

All concentrations are In ugIL. 
NA • Not analyzed 

, 

I ,.ead 
ug/L) ( 

15 

,e 1.1 

<1 .09 

<1 

< 1 09 

< 1 3 

e 1.5 

,e 1.3 

IC 1.3 
,-, 

. 
Arsenic 
(uglL) 

, , 
60 

<4.0 

22.4 

18.6 

15.8 

8.2 

31 

<6.1 

<4.2 

ZONE F, CHARLESTON I'IAVA,L COMPLEX 
NORTH CHARLESTON, ~IOUTIH CAROLINA 

PAGE 2 OF2 

Barium Cadmium 
Totill 

Mera.rry Selenium 
Chromium 

(ugll) (ugIL) 
(ug/L) 

(ugll) (uglL) 

2000 S lOCI 2 SO 

30.9 <1.94 < 4.~11 < 0.03 <2.S7 

17.5 < 1.94 < 4.~11 < 0.06 < 2.57 

24.3 < 1.94 < 4.~11 < 0.09 < 3.6 

23.8 < 1.94 < 4.~11 < 0.02 < 2.57 

28.4 <2.6 <4.:11 < 0.05 < 2.57 

30.4 < 1.94 < 4.:11 <0.04 <2.S7 

65.4 < 1.94 < 4.:11 <0.05 <2.57 

116 < 1.94 < 4.:~1 <0.03 <2.57 

(11 South Carolina Department of Helillth and Environmental Control Risk Based Saeenlng Le'lfels for groundwater. 

) '\ 

Silver 
(ug/L) 

5 

<2.S4 

<2.54 

<2.54 

<2.54 

<a.54 

<2.64 

<2.54 

<2.54 

) 
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TABLE 9 

FATE AND TRANSPORT INPUT PARAMETERS 
SITE 22, BUILDING 242 

ZONE F, CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Parameter Domenico Dilution/Attenuation Model (1) 

Hydraulic ConductiVity [m/sec] 1.13E-06 
Hydraulic Gradient 0.0027 
Porosity(1j 0.45 
Estimated Plume Length [ft] NA 
Soil Bulk Density (8) [kglLJ 1.64 
PartmonCoeffic~nt [~g] - chemical specific 
Fraction of Organic Carbon in soil (gIg] 4.47E-03 
First Order Decay Rate [sec -1] 0 
Modeled Plume Length [ft] NA 
Modeled Plume Width [ft] NA 
Source Width (b) [m] 15 
Source Thickness (b) [m] 2 

Soluble Mass (kg] Infinite leI 

Notes: 
(1) - South Carolina Risk-Based Corrective Action for Petroleum Releases, 

--' South Caroiina Department of Heaith and Erwironmentai Coniroi, 1998. 
(a) - Determined from SCDHEC 1998 Tables C1 and C3 
(b) - Default value 
(c) - Assumption of the Domenico model 



Chemical of Concern 

TABLE 10 

COMPARISON OF MAXIMUM CONCENTRATIONS TO RBSts 
SITE 22, BUILDING 242 

ZONE F, CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON. SOUTH CAROUNA 

lier 1 Soil 

Maximum Maximum 
Concentration 

(a) - From Risk-Based Corrective Action for Petroleum Releases, Table 84, 
Depth to GW - <5 fi, SCDHEe RBCA Guidelines, 1998. 

(b) - From Risk-Based Corrective Action for Petroleum Releases, Table 81, 
SCDHEC RBCA Guidelines, 1998. 

(c) - Calculated for dennal, incidental ingestion, and inhalation routes for the 
on-site construction worker (see Section 3.5.1 of the text and Appendix H). 

(d) - Groundwater concentration in equilbrium with free product as calculated 
using Raoulfs Law. 

GW - Groundwater 
RBSLs - Risk Based Screening Levels 
NO - Not detected 
NA - Not analyzed 
Shaded cell indicates the concentration exceeded one of the RBSLs. 

RBSLsGW 
Protective of On
Site Construction 

J - Estimated value detection was above instrument minimum detecton limit, but below practical quantification limit 

.,---



Media 

Air 

Groundwater 

Surface Water 

Surficial ~oil 

, Subsurface SOil 

" 

TABLE 11 

EXPOSURE PATHWAY ASSESSMENT -CURRENT USE 
SITE 22, BUILDING 242 

ZONE F, CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROUNA 

Exposure Route Pathway Selected for Exposure point or 
Evaluation? (Yes or No) Reason for Non-

Selection I Inhalation I 
No No volatilization to I enclosed space. 

Explosion Hazard No No explosion hazard. 

Ingestion No No water supply well 

Dermal contact No 
downgradient or 
residential basements. 

Inhalation No -
Ingestion No ~ooper Rjver 720 feet 

downgradlent 
Dermal contact No 

Inhalation No 

Ingestion No No Impacted sUrface 5011 

Dermal contact No 

Inhalation No 

Ingestion I YeS I e"'''"i~!~ mnriF!1 I Pert~edJtOrbenzene 
Dermal contact Yes and naphthalene 

Inhalation yes 

Leaching to 
Groundwater 

Data Requirements (If 
pathway selected) 

I I 

No additional data 
required I 



Media 

Air 

Groundwater 

Surface Water 

Sumcial Soil 

Subsurface SOli 

TABLE 12 

EXPOSURE PATHWAY ASSESSMENT - FUTURE USE 
SITE22. BUILDING 242 

ZONE F. CHARLESTON NAVAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Exposure Route Pathway Selected for Exposure point or 
Evaluation? (Yes or No) Reason for Non-

Se!eMion 
InhalatIon No No volatilization to 

Explosion Hazard No 
enclosed space. 
No explosion hazard. 

Ingestion Yes Future use ~f property 
expected to be Industrial 

Dermal contact Yes or commercial. Sewer line 
and storm drain within 80 

Inhalation Yes feet of site; therefore, 
construction worker 
exposure possible. 

IngestIon Yes CooperRNer720feet 
downgradient via regional 

Dermal contact No groundwater flow 

Inhalation No 

Ingestion No No Impacted surface SOIl 

Dermal contact No 

Inhalation No 

ingtl1tUon Yes Leachabilitv model 
performed for benzene 

Dermal contact Yes and naphthalene for 
construction worker 

Inhalation Yes exposure 

Leaching to Yes 
Groundwater 

.'--'" 

Data Requirements (If 
pathway selected) 

No additional data 
required 

No additional data 
required 

No additional data 
required 

,--" .. 
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TABLE 13 

COMPARISON OF MAXIMUM GROUNDWATER CONCENTRATIONS TO SSTls 

SITE 22. BUILDING 242 

Chemical of Concern 

Benzene 
MTBE 

mglL - milligrams per liter 

ZONE F, CHARlESTON NA.VAL COMPLEX 
NORTH CHARLESTON, SOUTH CAROLINA 

Source Area 
SSTls Protective of Surface Concentration 

Water (Cooper River)-(mgJl) 
SSTlsouRCE SSTlcollP 

(mgIL) (mglL) 
0.056 0.654 0.592 
0.042 5.231 4.737 

Shaded cell indicates the concentration exceeded the SSTL. 

SSTLs Protective of 
Construction 

Workers 

SSTLSOURCE 

(mglL) 

0.15 
25.90 

Minimum 
On-Site 

SSTLs'·) 

(mg/L) 

0.15 
5.23 

(a) The minimum on-site SSTLs are chosen as those SSTLs protective of both surface water (the Cooper River) and 
,-' the on-site construction worker. 

R4701991 
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